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Detailed  descriptions  are given  of  eight  technical  services provided  by  the National 
Bureau of  Standards radio stations WWV. WWVH. WWVR. aud WWVL.  These services 
are : 1. Standard radio frequencies ; 2.  Standard audio frequencies ; 3.  Standard musical 
pitch ; 4.  Standard time intervals ; 5. Time signals : 6. UT2 corrections ; 7. Radio propaga- 
tion forecasts ; and 8. Geophysical alerts.  In order to provide users with the hest possible 
services, occasional changes in the broadcasting schedules are required.  T’his  publication 
shows the schedules in effect on January 1,  1x5.  Advance 
notices of changes occurring between revisions will be sent to regular users of these services 
upon request.’ 
Annual revisions will be made. 
1.  Technical Services and Related Information 
The standard frequency stations of the National 
Bureau of  Standards provide these services : 
WWVL  I  1963  1  1  I  I  1  I  I  I  I 
The NBS radio stations are located as follows: 
WWV  --Greenbelt,  Maryland 
Leo Honea, Engineer-in-Charge 
Telephone-301-552-  1122 
(38°59’33’’ N, 76O50‘52‘‘ w) 
S:idami  Katahara,  Engineer-in- 
Telephone-79-41  11 
(20~46’02  ’  ’  N , 156  ‘27’42 ”  W) 
WWVH -Box  578, Puunene, Maui, Hawaii 
Charge 
WWVB -Box  83-E,  Route 2, Fort  Collins, 
Colorado 
Richard Chrle, Engineer-in-Charge 
Telephone-303-4u84-2372 
(40’40’28.3”  N, 105°02’39.5’’ w) 
WWVL -Rox  K-E,  Route 2, Fort  C’ollins, 
Richard (’arle, Engineer-in-Charge 
7’elephorie-S03~4842372 
(40O40’51.3’’  N, 105°03’00.0”  W) 
C’olorado 
1.1. Standard Radio Frequencies 
(a)  Program 
Station 71’WV broadcasts on standard radio fre- 
quencies of  2.5,  5,  10, 15, 20,  and 25 MHz.  The 
broadcasts are continuous, night and day, except 
WWT‘  is  interrupted  for approxinlately 4  min 
each hour.  The  silent period comrnellces at 45 min 
(plus  0 to 15 sec) after each hour. 
Station WWVH broadcasts on standard radio 
frequencies of 5, 10 and 15 MHz.  The  broadcast is 
interrupted for xpproximately  4  min each hour. 
The  silent period commences at  15  min (plus  0 to15 
sec) after each hour. 
Station  WWVB  broadcasts  on  the  standard 
radio frequency of GO kHz.  The  service is continu- 
Station  WVVL broadcasts  on  the  standard 
radio frequency of 20 kHz.  The service is continu- 
(fig. 1.) 
OUS. 
011s. 
(b)  Accuracy 
Since December 1,1957 the standard radio trans- 
missions from stations WWV and WWVH have 
been held as nearly  constant as possible with re- 
spect to the atomic frequency standards which con- 
stitute  the  Vnited  States  Frequency  Standard 
(USFS),  maintained  and operated by the Radio 
Standards Laboratory of  the National Bureau of 
Standards.  Carefully  made  atomic  standards 
hive been sliown to realize the idealized Cs reso- 
nance frequency, fC8,  to a few parts in loll.  The 
present TSFS realizes this resoiiunce to 1.part in 
The  frequency fCY has been measured in terms 
of  the second  to be  fc,=9,192,631,7701+20  Hz. 
1 Inquiries concerning  the broadcast services  may be  addressed 
to the Engineer-in-Charge at a particular  station or to Mr. David 
H. Andrews, Frequency-Time Broadcast Services, National Bureau 
of  Standards,  Boulder,  Colo.,  80301. 
2 blarkowitz,  Hall,  &sen,  and Parry-Frequency  of  cesium in 
terms of  ephemeris  time-Phys.  Rev. Letters 1,  105 (1958). 
Tel. : 303 442-2161. 
1 This uncertainty of 2 parts in 10  with which fre- 
quency can be expressed in terms of the second has 
been  avoided in practice by  provisionally taking 
fcs exactly equal to tlie above number  (or to some 
other stated number before this number was avail- 
able). 
On January 1,1960 the USFS was brought into 
agreement with fcs as quoted above by arbitrarily 
increasing its assigned value by 74 parts in 10*O. 
Frequencies measured  in terms of  tlie TTSFS  be- 
tween December l,  1957 and ,J:inuary l,  1960 may 
be referred to the above value of  fcs and to the 
Ephemeris second by means of  this re1  a  1'  ivecorrec- 
ti~n.~ 
The frequencies transmitted by MWV are held 
stable to 5 parts in  1011 at all times.  Deviations 
at  TVWV are  normally less than 1  part in 1011 from 
day to day.  Incremental frequency  adjustments 
not exceeding 1  part in 10"  :we  made at IVWV as 
necessary.  Frequency  adjustments  mdde  at 
WWVH do not exceed 5 parts in lolo. 
Changes in the propagation  medium  (causing 
Doppler effect, diurnal shifts, etc.) result at times 
in fluctuations in the carrier frequencies as  received 
which may be very much greater than the uncer- 
tainties described above. 
TVIVVB  and WT77T7T,  frequencies are normally 
stable to 2 parts in 10".  Deviations from day to 
day are within 1 part in 10". 
The effects of  the propagating medium on the 
received frequencies are much less at LF and VLF. 
The full transmitted  accuracy  may  be  obtained 
using appropriate receiving techniques. 
(c) Corrections 
All carrier and modulation frequencies at  WWV 
and TVTVVH  are derived  from precision  quartz 
oscillators with stabilities as noted above.  These 
oscillators are intentionally offset from the USFS 
by a sinal1 but precisely known amount to reduce 
departure between tlie  time signals as broadcast 
:tnd astronomical time, TTT2.  The offset for 1960 
was  -150  parts in 10lo;  in 1962 and 1963  -130 
parts in 10lo  ; and in 1964 and 1965 -  150 parts in 
10IO.  Although T'T2  is subject to unpredictable 
changes readily noted at this level of precision it is 
expected that a particular offset from the USFS 
will remain in effect for the entire calendar year. 
Corrections  to tlir  transmitted  frequency  are 
continuously determined with respect to the VSFS 
and are published inontlily in the Proceedings of 
the IEEII:.  These commenced in May  1958 and 
included data from Tlecember 1, 1957.4 
The carrier frequency at WWVL (20 kHz) is 
also otf'set  from the USFS by  the same amount 
noted above. 
While T;lrwVB (60 kHz) has been tr:tnsmittitg 
with  the offset  frequency,  beginning  tJanuary 1, 
1965 the frequency transmitted will be that of the 
USFS.  Thus, one of  the NRS transmissions will 
~~________ 
3National  standards  of  time  and  frequency  in  the  United 
4 W.' D. George, WWV standard frequency transmissions, Proc. 
States  Proc. IRE 48.  105 (1960). 
IRE 46,  910 (1958)  and subsequent issues. 
make available to the users the standard of  fre- 
quency  so  that  absolute  frequency  comparisons 
may be made directly.  This frequency will not be 
subject to annual offset  change as are the other 
stations' frequencies. 
1.2.  Standard Audio Frequencies 
(a) Program 
Standard audio frequencies of  440 Hz  and 600 
Hz  are broadcast on each radio carrier frequency 
at WWV  and WWVH.  Tlie audio frequencies 
are  transmitted  alternately  at  5-min  intervals 
starting with 600 Hz  on the hour  (fig. 1). The 
first tone period at WWV  (600 Hz) is of  3-min 
duration.  The remaining  periods  are of  2-min 
duration.  At TVWVH  all tone periods are of  3- 
min dur  a  t'  ion. 
WWVR and TVWVL do not transmit, standard 
audio frequencies. 
(b)  Accuracy 
The accuracy of the audio frequencies, as trans- 
mitted,  is the same as that of  the carrier.  The 
frequency offset mentioned under 1.1.  (c) applies. 
Changes in the propagation  medium mill some- 
times result in fluctuations in the audio frequencies 
as received. 
While  1000 Hz  is  not  considered  one  of  the 
standard audio frequencies, the time code which is 
transmitted 10 times an hour does contain this fre- 
quency  and may be used  as a standard with the 
same accuracy as tlie audio frequencies. 
1.3. Standard Musical Pitch 
The frequency 440 Hz for  the note &4,  above mid- 
dle C,  is the standard  in  the music industry  in 
many countries and has been in the ITnited States 
since 1925.  Tlie radio broadcast of  this standard 
was Commenced by the National Bureau of Stand- 
ards in 1937.  The periods of transmission of  440 
Hz  from TVWV  and WWVH are shown in figure 
1.  With  this  broadcxst  the  standard  pitch  is 
maintained,  and musical  instruments are manu- 
factured and adjusted in terms of  this unvarying 
standard.  The majority  of  musical  instruments 
manufactured  can  be  tuned  to  this  frequency . 
Music listeners are thus benefited by the improre- 
ment in tuning accuracy. 
1.4.  Standard Time Intervals 
(a) Program 
Seconds pulses at precise interrals are derived 
from the same oscillator  that controls  the radio 
cnrrier frequencies, e.g.,  they commence at inter- 
vals  of  5,000,000  cycles  of  the  3  MHz  carrier. 
They. are  given  by  means  of  double-sideband 
aiii~~litncle-moclulntion  on  each  radio carrier  fre- 
quency.  Intervals of  1 min  are marked  by  the 
omission of  the pulse at the beginning of  the last 
2 SECONDS  PULSES - WWV, WWVH - CONTINUOUS  EXCEPT FOR 59'h  SECOND  OF  EACH 
MINUTE AND  DURING SILENT PERIODS 
WWVB - CONTINUOUS 
WWVL -  NONE 
STATION  ANNOUNCEMENT  100  PPS  '090 Hz MODULATION  WWV TIMING  CODE 
W-  MORSE  CODE-  CALL LETTERS,  UNIVERSAL TIME,  TONE  6oo  HZ 
VOICE  ~  EASTERN  STANDARD  TIME  TONE MODULATION  440 Hr 
PROPAGATION  FORECAST 
MORSE CODE - FREQUENCY  OFFSET 
(ON THE HOUR  ONLY) 
VOICE - HAWAIIAN  STANDARD  TIME 
(ON THE HOUR  ONLY) 
GEOALERTS 
IDENTIFICATION  PHASE  m-  MORSE CODE-CALL  LETTERS.  UNIVERSAL TIME. 
MORSE  CODE - FREOUENCY  OFFSET  UT-2  TIME  CORRECTION 
__  WWVB-  MORSE CODE-  CALL LETTERS 
m-  MORSE  CODE - CALL LETTERS, FREQUENCY OFFSET ...*. 
0  so0  1000  IS00  2000 
FREQUENCY,  CPS 
WWV  AND  WWVH SECONDS  PULSES 
THE  SPECTRA  ARE  COMPOSED  OF  DISCRETE  FREQUENCY  COMPONENTS 
AT  INTERVALS  OF  I.0CPS.  THE  COMPONENTS  AT  THE  SPECTRAL 
MAXIMA  HAVE  AMPLITUOES  OF  0005 VOLT  FOR  A  PULSE  AYPLITUOE 
OF  1.0  VOLT.  THE  WWV  PULSE  CONSISTS  OF  FIVE  CYCLES  OF 
loo0  CPS.  THE  WWVH  PULSE  CONSISTS  OF  SIX  CYCLES  OF  12OOCPS 
0.025 
SEC.  I-  TONE 
WWV  - 
WWVH  - 
FIQWE  2. Sample characteristics  of  time  pulees broadoaat  frm  NBS stations  WWV md  WWVH. 
second of  every minute and by  commencing each 
minute with two pubes s  aced by 0.1 second. 
ute.  The 2-min, 3-min, and 5-min intervals are 
synchronized  with  the  seconds  pulses  and  are 
marked by the beginning or ending of  the periods 
when  the audio frequencies  are not  transmitted. 
The pulse duration is 5  milliseconds.  The pulse 
waveform is shown in  figure 2.  At WWV each 
pulse contains 5 cycles of  1000 Hz frequency.  At 
WWVH the pulse consists of  6 cycles of  1200 Hz 
frequency.  The pulse  spectrum  is  composed  of 
discrete frequency components at intervals of 1  Hz. 
The  components  hare  maximum  amplitudes  at 
approximately  995  Hz  for WWV and 1194 Hz 
for WWVH  ulses.  The tone is interrupted 40 
starts 10 milliseconds  after commencement of  the 
interruption. 
WWVR transmits seconds pulses continuously 
consisting of  5 cycles of  1000 Hz  double-sideband 
amplitude-modulation.  Because  of  the  narrow 
band-width of  the antenna system the percentage 
of  modulation is quite low. 
WWVL  does not transmit seconds markers, how- 
ever, accurate time intervals may be obtained di- 
rectly  from  the carrier  using  appropriate  tech- 
niques. 
The first pulse marks t l  e beginning of  the min- 
milliseconds  P  or each  seconds pulse.  The pulse 
1.5. Time Signals 
(a)  Program 
The audio frequencies are interrupted  at pre- 
cisely 3 min before each IIOLW  at WWV and 2 min 
before each hour at WWVH.  They are resumed 
on the hour at, WTVV and WWVH, and at 5- and 
10-minute intervals throughout the hour as indi- 
cated in figure 1. 
4 
Universal Time (referenced to the zero meridian 
at Greenwich,  England) is announced  in Inter- 
national Morse Code each 5 min from WWV and 
WWVH.  This provides a ready reference to cor- 
rect time where a timepiece may be in error by  a 
few minutes.  The 0 to 24 hour system is used start- 
ing with 0000 at midnight at longitude zero.  The 
first two figures give the hour, and the last two 
figures gire the number of  minutes past the hour 
when the tone returns.  For example, at 1655 UT, 
the  four  figures 1-6-5-5  are broadcast  in code. 
The time announcement  refers to the end of  an 
announcement interval, Le.,  to the time when the 
audio frequencies are resumed. 
At station WWV a voice announcement of East- 
ern Standard Time is given during the last half of 
every fifth minute during the hour.  At 10 :35  a.m., 
EST, for instance, the voice announcement given 
in  English  is:  National  Bureau  of  Standards, 
WWV; when the tone returns, Eastern Standard 
Time will be ten hours, thirty-five minutes. 
At WWVH a  similar  voice  announcement of 
Hawaiian Standard Time occurs during the first 
half  of  every  fifth  minute  during  the  hour. 
Time-of-day information  is  not  given  from 
WWVB and WWVL. 
(b)  Conections 
Time  signals  broadcast  from  WWV  and 
WWVH are kept in close  agreement  with UT2 
(astronomical time) by making step adjustments 
of  100 milliseconds  as necessary.  These adjust- 
ments are made at 0000 UT  on the first day of  a 
month.  Advance  notice  of  such  adjustments  is 
given to the public upon advice by the Bureau In- 
ternational de l’Heure in Paris that an adjustment 
is to be made.  Decision to adjust the time signals 
is based upon observations by a network of  inter- 
national observatories and is made by an interna- 
tional committee.  Corrections to the time signals 
are published periodically by the U.S. Naval Ob- 
servatory. Seconds  pulses  broadcast  from  JrWVR  will 
depart from IJT2 at a different rate due to  tlie fact 
that WWVR broadcasts 60 kHz derived from the 
TJSFS with no offset  (see l.l(c)).  Step time ad- 
justments of  200 milliseconds will be made at 0000 
UT on the first day of  a irioritli with appropriate 
advance notice.  The Kationxl Bureau of  Stand- 
ards will  direct such  step  adjustments at  inter- 
vals which mill maintain the seconcls pulses within 
about 100 milliseconds of IJT2. 
1.6.  UT2 Corrections 
Since a  majority  of  time users do not  require 
UT2 information to better than 100 milliseconds 
the systems described in 1.5.(b) are quite satisfxc- 
tory..  An additional serrice is provided in coop- 
eration with the U.S.  Naval Observatory  which 
makes nv:Lilable the best values of  UT2 on :L  daily 
basis.  Corrections to be applied to the time sig- 
nals as broadcast are given in International Morse 
Code during the last half of  the 19th min of  e:rc.li 
hour from WWV and during the last half of  the 
49th  min  of  excli hour  from TTV‘VH.  Similar 
information is given from WWVB following the 
st,ation identification during the lst, Blst and 41st 
niin of each hour. 
The  symbols which are broadcast are  as follows : 
“UT2” then “AD7’  or ‘“7’’ 
followed by  a  three digit number.  This number 
is the correction in milliseconds.  To obtain UT2, 
add  the correction  to the time indicated by  tlie 
Time Siomal pulse if “AD7’  is broadcast.  Si1btrac.t 
if ‘iSIT77his  broadcast.  Thus, a clock keeping step 
with the time signnls being broadcast will be fast 
with respect to UT2 if “SU” is the symbol used. 
The corrections are extrapolated ralues of  the 
difference IJT2 minus Time Signal furnished by 
the F.S. Nxral O1jsrrr:Ltory.  Tlie probable error 
is  k3  milliseconds.  Final  corrections,  with  a 
prohable error of *  1  millisecond, are published in 
the Time Service I3ulletins of the Naval Observa- 
tory. 
These corrections will be rerised daily, the new 
due  appearing for the first time diiring tlie hour 
after 0000 UT, and will remain unc1i:mged for the 
following 24 hour period. 
1.7.  Propagation  Forecasts 
A  forecast  of  radio propagation  conditions is 
broadcast in International Morse Code during tlie 
last half of erery fifth minute of each hour on each 
of  the standard frequencies from WWV.  Prop- 
ngat ion notices were  first  hroxdcast  from TT’TTV 
in 1946.  The fire-minute annoiincement \v:m  coni- 
mencetl on November 15, 1063.  The present type 
of impgation forecast  has been  broadcast  fro111 
WWTr since ,July  1952 and was broadcast  from 
IT’WVII from ,J:iiiunry 1954 until Norember 1964. 
The forecast announcement tells users tho con- 
dition of  the ionosphere at the regular time of  is- 
sue nnd  the radio qiiality to be  expected during 
the next six hours.  The NBS forec0:rsts are based 
on  data obtained  from a  worldwide network  of 
geophysical xiid  solar observatories.  These data 
include radio soundings of  the upper atmosphere, 
short  wave  reception  data, observations  of  the 
geomagnetic field, solar activity and similar infor- 
mation.  Trained forecasters eralute the informa- 
tion and formulate the forecasts using known sun- 
earth relationships. 
The forecast announcements from 7lrwV refer 
to propagztion along paths in the North Stlantic 
Abea,  such as W:Lshington, D.C. to  London or New 
York City to Berlin.  Tlie announcements are the 
short  term  forecasts  prepared  by  the  NBS- 
CRPL Forecast  Center,  Box  178, Fort Belvoir, 
Virginia.  The regular times of issue of  the fore- 
cast,s are 0500,  1200  (1100  in summer), 1700 and 
2300 UT. 
The forecast announcement is broadcast as a let- 
ter and a number.  The letter portion identifies the 
radio quality  at the time the forecast  is  made. 
The  letters denoting quality are “N,”  “U”  and “W” 
signifying,  respectirely,  that radio  propagation 
conditions  are either  normal,  unsettled  or dis- 
turbed.  The number portion of  the forecast an- 
nouncement is tlie forecast of  radio propagation 
quality on  a  typical North Atlantic path  (from 
WWV) during tlie six hours after the forecast is 
issued.  Radio quality is based on the CRPL 1 to 
9 scnle which is tletinecl :IS follows : 
Disturbed  Unsettled  Normal 
grades  (W)  grade  (U)  grades  (N) 
1. useless  5. fair  6. fair-to-good 
2.  very poor  7.  good 
3. poor  8.  very good 
4.  poor-to-fair  9.  excellent 
If,  for  example,  propagation  conditions  are 
normal :it  tlie time the forecast is issued but are 
expected to become “poor-to-fair” during the next 
six  hours,  the  forecast  announcenient  would  be 
bro:tdcast  as N4 in International Morse Code. 
1.8.  Geophysical Alerts 
A letter symbol indicating the current geopliysi- 
ci~l  alert  (Geonlert)  :is  declared  by  tlie  World 
Warning Agency  of  tlie  Inteniatioiml  Ursigrani 
:ind World Thys Service (IITWI>S)  is broadcast 
in very slow International Morse Code from  WTW 
md WWVH on each of  the stnntlard radio car- 
rier frequencies.  These broadcasts are  made from 
WWV during the first  half  of  the 19th min of 
e:di hour and froill TTWVH during the first lixlf 
of  the 40th niin of  each liour.  Such notices have 
5 I 
trTIME  FRAME (ONE  SECOND) 
I  100  PPS  CODE  (EXPANDED  TIME  SCALE) 
I  I 
36  BINARY  DIGIT,  100  PPS  CODE (1000  Hz  CARRIER) 
iWlTHOUT  100  PPS  INDEX  MARKERS1 
+++*+ .***  +++++  +++++  +++++  ***.  +++++  II  +++++  II  +++++  +++++  I  I  +++++ 
-,;!!;:-- 
TENS1  iL"S  TENS I  LUNITS  TENS I  iUNlTS  TENS  HUNDREDS) 
@
  I ' uN'l:  SECONDS  23  MINUTES  10  HOURS  DAY  121 
B  ONE  SECOND  REFERENCE  MARKER 
x  0.1s  INDEX  MARKER 
x  UNUSED  BIT 
LREFERENCE  TIME  IS  DAY  121.  IO HOURS,  23  MINUTES,  50  SECONDS 
36 BINARY  DIGIT,  100  PPS  CODE  +  100  PPS  INDEX  MARKER 
~~ 
FIGURE  3. Chart of time code transmissions frm  NBS radio station WWV. 
been  broadcast since the International Geopliysi- 
cal  Year,  1957-58,  and hare continued  by  inter- 
national agreement. 
The symbol indicates to experimenters and re- 
searchers in radio, geophysical and solar sciences 
the content of the IUWDS Geoalert messnge which 
is issued  daily  at 0-100  TIT  to  identify  days on 
which outstanding solar or geophysical events are 
expected or have occurred in tlie  receding 24-hoiir 
may be issued and thus there are six letter symbols 
used  to identify  them  a seventh  symbol  to 
signify that there is no 8t:ilert.  The various let- 
ter symbols used and the type of Geoalert to wliich 
each refers are  as  follows : 
period.  There are six types o  E Geoalerts  which 
M-Magnetic  storm 
N-Magnetic  quiet 
C-Cosmic  ray erent 
E-No  geoalert issued 
S-Solar  activity 
Q-Solar  quiet 
TV-S  t  ra  t  osplieri  c warming 
The Geoalert broadcast  is identified by the let- 
ters GEO in International Morse Code preceding 
one of the above letter symbols.  The letter symbol 
is repeated 5 times to insure proper identification. 
If, for example, solar activity has been outstand- 
ing during the previous 24-hour  eriod, the Geo- 
alert broadcast  would be GEO S!$3SS  to signify 
this fact.  If a significant magnetic  storm is ex- 
pected  or  exists  the  broadcast  would  be  GEO 
MMMMM.  The no  alert  symbol,  sent  as GEO 
EEEEE signifies that any preceding Geoalert may 
be considered finislied and that tliere is no alert in 
progress.  Since it is possible that two types of 
Geoalerts could be  in effect at tlie same time, the 
symbols will be broadcast in the following priority 
order : 
C, 31,  W, S,  &, N or E. 
1.9.  WWV  Time Code 
On January 1, 1961 WWV commenced broad- 
casting the time code shown in figure 3 for one min- 
ute out of each five, ten times an liour, as shown in 
figure 1. 
This time code prorides a standardized  timing 
base for use when scientific observations are made 
simultaneously at widely separated locations.  It 
may  be  used,  for instance,  where  signals telem- 
etered  from a  satellite  are recorded  along  with 
tlie time code; subsequent  analysis of  the data is 
then aided by having unambiguous time markers 
accurate to a thousandth of a second.  Astronomi- 
cal observations may also benefit by the increased 
timing  potential  provided  by  the  pulse-coded 
signals. 
The code  format being  broadcast  is generally 
known as the NASA 36-Bit Time Code.  Tlie code 
is produced  at a  100 pps rate and is carried  on 
1000 Hz modulation. 
Tlie  code  contains  time-of-year  information 
(Universal Time) in seconds, minutes, hours and 
day of  year.  The code  is synchronous  with tlie 
frequency and time signals. 
6 The binary  coded  decimal  (BCD)  system  is 
used.  Ihch second contains 9 RCD groups in this 
order : 2 groups for seconds, 2 groups for minutes, 
2 groups for hours :ind 3 groups for day of  year. 
Tlie code digit weighting is 1-24-8  for  each BO 
group multiplied by 1,10, or 100 as  the case may be. 
A complete time frame is 1  second.  The  binary 
groups follow the 1  second reference marker. 
“On  time”  occurs  at the leading  edge of  all 
pulses. 
The code contains 100//second clocking rate, 10/ 
second index  mnrkers,  and a  l/second  reference 
marker.  The 1000 Hz is  synchronous with  the 
code  pulses so that millisecond  resolution  is ob- 
tained readily. 
The lO/second  index markers consist of  “binary 
one” pulses preceding each code group except at 
the beginning of the second where a “binary zero” 
pulse is used. 
The l/second  reference marker consists of  five 
“binary one” pulses followed by  a “1)innry zero” 
pulse.  The second begins at tlie leading edge of 
the “binary zero” pulse. 
The code  is  a  spaced  code  format,, that  is,  :I 
binary group follows eacli of the IO/second  index 
markers.  The  last index marker is followed by an 
unnsetl  4-hit group  of  “binary  zero”  pulses just 
preceding the 1  /second reference marker. 
A  “binary  zero”  1)ulse consists of  2  cycles  of 
1000 Hz xmplitiide modulation, and tlie  “binary 
one“ piilse consists of  6 cycles of  1000 I-Tz  arnpli- 
tude modu1:ttion.  Tlie lexding edges of  the time 
code pulses coincide with positive-going zero-axis- 
crossings of the IOOO Hz  modulating freqiiency. 
1.10.  Off set  Frequencies 
WIW,  TVWVH  and WWVL transmit remind- 
ers of the fact that :all  transniiited frequencies are 
offset from the TTSFS hy a fixed amount.  Inter- 
national Morse (’ode  symbols for M150 are t rnns- 
mitted from WWV :xiid WWVH irnmediately fol- 
lowing  the  ‘‘oii-the-lmir”  mice  nnnouncenient. 
TVWVL transmits International  Morse (‘ode  for 
Minus-150 following the station call sign repeated 
three times.  This is  transmitted during the lst, 
21st, and  41st min of each hour. 
Since 7TWVH  is transmitting :i  frequency  d- 
rectly  related to tlie 1-SFS no offset reminder is 
piren. 
1.1 1.  Station Identification 
WWV :ml n’WV€T identify  by  International 
Xorse  Code  and  voice  (in English)  every  five 
minutes. 
IT’IYVL and TTlTTI3 idwit ify by Interiuitionxl 
Morse Code during the Ist, “st,  and 4lst min of 
eacli hour. WTTV1%  fiirtlier identifies for the bene- 
fit of phase-tracking receiver iiyers hy  :ttlv:inc*ing 
the carrier  phase 45” at 10 min after each hour 
and returning  to normal phase  at 15 min  after 
each hour. 
1.12. Radiated  Power, Antennas  and Modulation 
(a) Radiated Power 
Radiated power, kw 
I 
Frcquency, 
MHz  I  WWV  I  WWVII  I  WWVB 
0.020 
0. 060  7 
2. 5 
5 
10 
15 
20 
25 
8 
I9  9 
WWVL 
(b)  Transmitting  Antennas 
The broadcast on 2.5 MHz from TliWV and on 5 
MHz from WWVH is from vertical qiinrter-wave 
antennas.  The hroxdcasts on all other frequencies 
from WWV and WWVH are from rerticiil half- 
wa\~  dipoles.  The mtennns :we oninidirection:il. 
Tlie antennas used hy WWJT’u  and WWVT,  are 
400-foot high vertical antennas with capacity top- 
loading. 
(c) Modulation 
At WWV the tone frequencies of 440 and 600 Hz 
are produced by single upper sideband added to :I 
full  carrier  on  all  frequencies  except  25  MHz 
which is 75  percent  double sideband niodulat ion. 
The sideband transmitters deliver one-third of the 
carrier  powr.  Other  sigmls than  tlie  steady 
tones are all produced by double sideband ampli- 
tude modulat,ion of 100 percent peak. 
At WWVI1 all  modulation is double sideband 
amplitude, with 75 percent on the steady tones and 
100 percent peak for seconds pulses and voice. 
WJrVB employs  double  sideband  amplitude 
modulation for the seconds pulses and for the call 
sign.  The seconds  pulses  are about  20  percent 
modulation and tlie call sign is about 40 percent 
modnlation.  The low modulation percentages :ire 
it  consequence  of  the very  narrow bandwidth  of 
the transmitting antenna. 
Vxr- 
ioiis experimental techniques :we being studied in 
an ;Ittempt  to  develop  :L  good  timing system at 
Very Low Frequencies. 
WWVI,  uses  no amplitude modulation. 
7 2.  How NBS Controls the Transmitted Frequencies 
WWvH 
In figure 4  a  simplified  diagram of  the NBS 
frequency  control  system  is  shown.  The entire 
system depends upon the basic frequency reference 
(USFS) shown  in this diagram  as the Cesium 
(Cs) Beam.  This standard is used to  calibrate 
the oscillators, dividers and clocks which generate 
the controlled frequency and the NBS time scales. 
Information from this reference is provided to re- 
ceivers which monitor the WWVB-VL  transmis- 
sions  and compare  the received  phase  with  the 
standard phase.  If an  error exists between the 
reference  and  received  phases  a  signal  is then 
transmitted by a 50 MHz transmitter to the trans- 
mitting site at  Fort Collins which in turn operates 
automatic phase correction equipment to correct 
the transmitted phase. 
MANUAL 
CONTROL 
VLF  RECEIVER 
The control  of  the  signals transmitted  from 
WWV  and WWVH  is  performed  manually  at 
present  based  upon  signals  from  WWVB  and 
WWVL which  are  received  by  LF  and  VLF 
phase-lock  receivsrs.  The oscillator  controlling 
the  transmitted  frequencies and time  signals is 
continuously compared with the LF and VLF si  - 
nals.  Adjustments are then made to the contro  7  - 
ling oscillator manually which compensate for the 
characteristic drift of  crystal oscillators.  To as- 
sure that systematic errors do not enter into the 
system the NBS time scale is compared with the 
transmitting station clocks by  the use of  a very 
precise  portable  clock.  With these  clocks  time 
synchronization to a few millionths of  a second 
can be attained. 
T 
AND  CLOCKS  FOR 
NBS-UA  TIME  SCALE 
.  T 
4 
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EQUIPMENT  AT 
FT.  COLLINS 
WWVL 
/  20 hHi  2 
\  > 
x  x 
\ P  v 
LF RECEIVER pi  CONTROL  wwv  I 
FIQUBE  4. NB8 frequency colztrol system. 
8 THE  NATIONAL  BUREL4U OF  STANDARDS 
The National Bureau of  Standards is a principal focal point in the Federal Government for assuring 
maximum application of  the physical  and engineering sciences  to  the  advancement  of  technology  in 
industry and commerce.  Its responsibilities include development and maintenance of  the national stand- 
ards of  measurement,  and the provisions  of  means  for  making  measurements  consistent  with  those 
standards; determination of  physical constants and  properties  of  materials;  development  of  methods 
for testing materials, mechanisms, and structures, and making such tests  as may be necessary, particu- 
lady for  government agencies; cooperation  in  the  establishment of  standard practices  for incorpora- 
tion  in codes and specifications;  advisory  service to  government  agencies  on  scientific  and technical 
problems;  invention  and development  of  devices  to serve special needs of  the Government; assistance 
to industry, business, and consumers  in the development  and acceptance  of  commercial  standards and 
simplified trade practice recommendations; administration  of  programs  in  cooperation with  United 
States business  groups and standards organizations for the development of  international standards of 
practice;  and maintenance of  a clearinghouse  for the collection  and dissemination  of  scientific,  tech- 
nical,  and engineering information.  The scope of  the Bureau’s  activities is suggested  in the following 
listing  of  its four Institutes and their organizational units. 
Institute for Basic Standards.  Electricity.  Metrology.  Heat.  Radiation Physics.  Mechanics.  Ap- 
plied  Mathematics.  Atomic  Physirs.  Physical  Chemistry.  Laboratory  Astrophysics.*  Radio  Stand- 
ards Laboratory: Radio Standards Physics;  Radio Standards Engineering.* *  Office of  Standard Ref- 
erence  Data. 
Institute for  Materials Research.  Analytical  Chemistry.  Polymers.  Metallurgy.  Inorganic Mate- 
rials.  Reactor Radiations.  Cryogenics. * *  Office of Standard Referenre Materials. 
Central Radio Propagation Laboratory.  * *  Ionosphere Research  and Propagation.  Troposphere 
and Space Telecommunications.  Radio Systems.  Upper Atmosphere and Space Physics. 
Institute for Applied Technology.  Textiles and  Apparel  Technology  Center.  Building  Research. 
Industrial  Equipment.  Information  Technology.  Performance  Trst  Development.  Instrumentation. 
Transport Systems.  Office  of  Technical  Services.  Office of  Weights and Measures.  Office of  Engineer- 
ing Standards.  Office of  Industrial Services. 
* NBS Group, Joint  Institute for  L.aboratory  Astrophysics at the University  of  Colorado. 
* * Located at Boulder, Colorado. UNITED  STATES 
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NBS Fort Collins facility in upper photo, showing the WWVIi and WWVL transmitter building in the center, new 
470-foot  standby antenna mast in center, and 400-foot main masts on each side whivh  are part of  the two, four-mast 
antenna  systems, WWVL  to the left and WWVB  to the right.  At lower left  are WWV transniitter building and 
antennas at Greenbelt,  Maryland.  At lower  right are antennas, transmitter building,  and administrative buildings 
€or WWVH, Maui, Hawaii. 
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